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ABSTRACT 


Kun-hsiung Chang and Chang-po Chen (1976) The Stock Discrimination and 
Recruitmental Age of Spotted Mackerel, Scomber australasicus in Taiwan. Bull. Inst. 
Zool., Academia Sinica 15(2): 57-64 The spotted mackerel, Scomber australasicus 
Cuvier, is one of the commercially important fish in Taiwan fisheries. Forty-one 
samples, totaling 2106 individuals caught by hand liners from Nanfangao, Penchiahsu, 
the Fishing Islets, Kaohsiung, Tungkang, Hengchun and Kyushu (Japan) from 1969 
to 1971 were used for stock discrimination by multiple-discriminant analysis (MDA) 
and Mahalanobis’ generalized distance. Samples were clustered into three year groups, 
each consisting of fish caught from late summer to next summer. There was a 
trend of geographical cline within each group. The results showed that the spotted 
mackerel around the waters of Taiwan may belong to different stocks. Based on 
composition of each yearly group and the comparison between the body size of the 
catch and the estimated recruitmental body. size, it is suggested that the recruitment 
entering the fishing ground (off northern Taiwan) of hand liners in late summer is 


1+ years old. 


The spotted mackerel, Scomber australasi- 
cus Cuvier, is one of the most commercially 
important fish in Taiwan’s fish catch. Studies 
on its resources were undertaken from 1969 to 
1973 and a series of reports about them. were 
published by the Laboratory of Fishries Biology 
of this institute@-!». 

. Many approaches were carried out for the 
stock discrimination of the spotted mackerel. 
For example, morphometrically, the significant 
difference in body portions between the fish off 
northern and southern Taiwan suggested that 
there might be two groups of spotted mackerel 


around thea waters of Taiwan‘!®®, A geogra- 
phical cline based on some meristic characters 
was revealed by the Reduced Coefficient of 
Racial Likeness (R.C.R.L.)GC®. The results 
from the study of the reproductive ecology of 
the spotted mackerel also suggested that the 
waters off southern Taiwan and the waters around 
the Fishing Islets (off northern Taiwan) might 
be the spawning ground of the fish. Although 
the spotted mackerel off both southern and 
northern Taiwan spawn in the same season, the 
range of fecundity of the fish off southern 
Taiwan was shown to be slightly larger than 
that of the fish off northern Taiwani, 
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Strangely, those fish that had been tagged 
and then released in the waters off northern 


Taiwan were almost all recaptured from the 


waters off northern Taiwan and Japan, with 
only one of them was recaptured from the 
waters off southern Taiwan“. This result in- 
dicates that the spotted mackerel around the 
waters of Taiwan might be of two different 
stocks but with some degree of overlapping. 

- In this paper, we try to employ some non- 
meristic characters in applying multiple-discrimi- 
nant analysis (MDA) and Mahalanobis’ gene- 
ralized distance!® on stock analysis. Some fishery 
biological problems such as recruitmental period, 
age composition and monthly CPUE were also 
discussed. 


MATERIALS AND METHODS 


The materials used in this study were chosen 
from the samples used by Chang and Fong 
(1971). Under two criteria: 
sample size is large enough, i.e., nearly 40 in- 
dividuals or more, and (2) whether the seven 


Characters were measured (Fig. 1), forty-one. 


samples, including 2106 individuals, were chosen. 
They were caught by hand liners from Nanfang- 
ao, Penchiahsu, the Fishing Islets, Kaohsiung, 
' Tungkang, Hengchun and Kyushu (Japan) from 
1969 to 1971. The fishing areas and the details 
of each sample were shown in Fig. 2 and Table 
1, respectively. 

For eliminating the effect from body size 


ED: Eye. Diameter 

BD: Body Depth 

SIDF: Snout to Ist 
Dorsal Fin 


BL: Fork Length 
HL: Head Length 
SL: Snout Length 
LL: Lacrimal Length 


Fig. 1. Scomber australasicus CUVIER, illustr- 
ating parts of measuring. 


(1) whether the 


Fig. 2. Map showing fishing ground of spotted 
mackerel. 


and unequal weight of each characters, a natural 
log transformation of ratio was calculated from 
the formula: ©&® 


X;=In (X,/X;) (1) 


where, X, is the body length and X; represent 
the other six non-meristic characters. 

Once the MDA based on X; is obtained, the 
generalized distance (D?;) can easily be calculated 
from the canonical variates of MDA and a few 
larger discriminant axes will evaluate most of the 
value, 


(2) 


where, X, is the canonical variate of the i 
sample on r discriminant axes, and r is the 
number of roots. 

Additionary, the Ward’s hierarchical cluster- 
ing method was performed on generized distance 
between sample means. 

The MDA program was contributed by Mr. 
C. Liu, department of Agronomy, National Tai- 
wan University (NTU) and the Anderverg’s 
(1973) clustering program was modified by C. P. 
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TABLE 1 
Materials used in the study 


| oeo | , | Body Length (mm) 
No, Sampling date | Sampling area | Sample size -| —- 
; . ` range f mean 
1 | Jan. 14, 1969 N | 50 258-299 ”276.7 
2 | Feb. 14, 1969 N | 49 326-362 340.9 
3 | Feb. 14, 1969 P 70 245-294 267.9 
4 Apr. 12, 1969 P 48 241-276 255.5 
5 May. 17, 1969 F. 47 302-379 333.7 
6 Jun. 14, 1969 N 48 283-341 | 305.9 
7 Jun. 18, 1969 F 50 266-320 294.1 
8 Jul. 16, 1969 F 48 278-327 299.2 © 
9 Aug. 15, 1969 N. 47 . 289-325 307.1 
10 Aug. 16, 1969 F 48 288-315 298.6 
11 Sep. 18, 1969 N 38 296-333 310.0 
12 Oct. 16, 1969 F 50 ` 284-325 309.3 
13 Oct. 18, 1969 N 46 282-331 294.9 
14 Nov. 15, 1969 F 52 278-312 297.8 
15 Nov. 19, 1969 N` 48 292-340 -316.5 . 
16 Dec. 10, 1969 N 50 319-361 342.8 
17 Dec. 13, 1969 P 50 239-264 253.0 
18 Jan. 14, 1970 Fo 52 282-317 298.8 
19 Jan. 17, 1970 N 51 285-330 - 313.2 
20 Feb. 18, 1970 N 57 275-322 . 295.7 
21 Mar. 4, 1970 K 40 ` 311-354 -334.3 
22 Mar. 18, 1970 N 55 290-345 312.0 
23 Mar. 19, 1970 I 58 264-347 292.5 
24 Apr. 4, 1970 K` 48 . ~ 291-398 318.9 
25 Apr. 18, 1970 . N 49 280-345 311.2 
26 Jul. 15, 1970 I 50 295-336 310.5 
27 Jul. , 1970 “TO 85 272-369 310.7 
28 Aug. 27, .1970 I. 51 291-339 308.7 
29 Sep. 25, 1970 I 46 | 299-348 317.0 
30 Sep. 29, 1970 N 49 326-360 342.4 
31 ` Sep. _ , 1970 H 58 288-346 323.6 
32 Oct. 10, 1970 N 54 315-367 343.2 
33. Nov. 6, 1970 N 47 323-356 340.4 
34 Nov. 27, 1970 J 50 243-350 280.9 
35 Dec. 16, 1970 I 48 280-330 298.7 
36 Dec. 23, 1970 N 46 | 303-359 339.9 
37 Dec. | , 1970 H. 44 | 324-391 354.8 
38 Jan. 116, 1971 I 49 | 289-319 302.7 
39 ~ Jan. 21, 1971 N 4S. o 305-351 325.6 
40 Feb. 16, 197] N- 52 292-325 305.5 
4] Mar.22,1971 K 83 | 307-340 322.6 
` 上 | 


N: Nanfangao 
H: Hengchun 


CHEN. » 


All calculations were computed by CDC 


~ 3150 at NTU. 


Since the number of samples were larger 


..P: Penchiahsu 


F: Fishing Is. 


I: Fishing Is. or Penchiahsu 


RESULTS 


K: Kaohsiung T: Tungkang 
J: Japan- 


than the number of characters (41>6) in this 
study, the maximum number of discriminating 
axes in MDA was equal to the number of cha- 
racters?, All 6 roots were significant and the 
first two discriminating axes accounted for 80.3% 
significant variation (Table 2). The. relationships 


TE a ` 


60 | K.H. CHANG and C. P. CHEN 


TABLE 2 
The character roots (A;), aggregated 
variability and its chi-square value 
in MDA with transformed data. 


en ne  C R Tl 
Aggregated 
了 aj Chi-square*, df variability 
_ J _ _ (2) 
1 3.4645 | 8493.07**| 240 | 44.30 
2 2.8128 | 5378.83** | 195 | 80.26 
3 | 0.7952 | 2593.25**} 152 | 90.43 
4 0.3381 | 1375.29** | 111 94.75 
5 0.2802 | 769.06**| 72 98.33 
6 0.1303 254,90%* | 35 100.00 


* Bartletl’s 六 六 singnificant at 0.01 level. 
among forty-one samples on the basis of the 
first two discriminant functions are shown in 
Fig. 3. Three distinguished spheroids were ob- 
tained and each group consisted of the fish 
caught from late summer to the following sum- 
mer, regardless of where they collected. 

The same result was also obtained by the 
clustering analysis of generalized distance which 
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Fig. 3. Associations among 41 spotted mackerel 
samples on the basis of the first two 
discriminant function (DF). Abbrevia- 
tions showing in Table 1. 
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Fig. 4. Dendrogram .of 41 spotted mackerel 
samples derived from distances based 
upon the first three discriminant func- 
tion axes using Ward’s clustering 
method. Abbreviation showing in - 
Table 1. 


calculated from the first three canonical variates 
(Fig. 4). | 

While significant variations from morpho- 
metric characters were observed among years, 
as differences among areas might still exist@, 
a postiriori, an MDA was made on each of the 
three above-mentioned spheroides, respectively. 
The results of the MDA from the third group 
which had more different fishing areas than the 


_others, revealed a trend of geographical cline ex- 


tending from southern Taiwan to Japan, and the 
fish caught from northern Taiwan were clustered 
together. Besides, one of the southern samples 
was very close to the northern samples (Fig. 5). 
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Fig. 5 Association among °71 yearly group 
(17 samples) on the basis of the first 
two discriminant function (DF). Ab- 
breviations showing in Table 1. 


DISCUSSION 


According to Chang and Wang (1971), the 
biological minimum size of the spotted mackerel 
is between 200mm to 250mm in the Taiwan 
While most of the materials used in 
were larger than 250 mm, it is rea- 


area‘!s), 
this study 
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sonable to eliminate the effect from bedy size 
by ratio. Besides, an MDA based on seven 
original data was made to check whether the 
effect from body size really existed. Three 
groups equal to the above-mentioned spheroids 
were obtained with the element of each group. 
scattering along three parallel lines (not shown). 
It implies that the ratio correction not only 
eliminates the effect from body size but also 
emphasizes its relationship. while the body size 
is larger than its biological minimum size. 

The results of this multivariate morphome- 
tric analysis reveal that a geographical cline. 
was present on the spotted mackerel around the 
waters of Taiwan, regardless of the significant 
variation occuring in different years. 

From the results mentioned above, it is 
suggested that the spotted mackerel around the 


‘waters of Taiwan may belong to different stocks. 


This study and marily other approaches as pre- 
viously mentioned support the evidence that 
there seem to be two groups of spotted macke- 


ste OT 
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Fig. 6. The relationship between the body size of catch (range and mean) and two estimated 
growth curve (— after Hanado, et al, 1968; -*-»- after Chang. and Woo, 1970). 
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rel: southern-origin and northern-origin groups, . 


overlapping in Taiwan. The present of juvenile 
fish off both southern and northern Taiwan also 
support this suggestion®®”, Juvenile fish about 
36-92 mm in body size off Kaohsiung and 47- 
155mm of Nanfangao were captured during 
March and April in 1969. Unfortunately, we 
have no information about whether the mature 
fish interchange thir spawning grounds or not. 

The compositions of each year-group clu- 
stered by the MDA indicated that the spotted 
mackerel were recruited in late summer and 
stayed in the fishing ground around the waters 
of Taiwan not beyond the following summer. 
This hypothesis could be supported by the evi- 
dence mentioned below. Hanado, et al.C® and 
Chang“? reported respectively that the monthly 
- CPUE of the spotted mackerel caught from 
Nangfangao and the Fishing Islets showed two 
peaks, one in spring the other in early fall. 
Clearly, the time of 2nd peak in CPUE coin- 
cides with the supposed recruitmental period. 
The spawning aggregation behavior might cause 
the spring peak on the spawning ground during 
the spawning season. 

The growth of spotted mackerel is rapid. 
Hanado, et al.'® estimated that the fish reached 
approximately 31 cm in body length during the 
first year and 34cm by its 2nd year, and that 
the middle-size specimens caught in the late 
summer would have been hatched in the begin- 
ing of that same year. But Chang and Woo 
reported that the newly-born grew to 27:5 cm 
at the end of the first year and 32cm at the 
end of the second year in Nanfangao. Because 
the spawning season was estimated to be from 
February to April, but primarily in February”, 
two growth curves revealed from Hanado, et 
al’®) and Chang and Woo, respectively, were 
plotted from the begining of February to esti- 
mate the recruitmental age of the fish. As 
shown in Fig. 6, if the fish recruited to fishing 
ground were at 0+ age as estimated by Hanado, 
et al, then the body size of the year group 
would be larger than the estimated recruitmental 
body size by both of the above-mentioned growth 


curves. The growth curve estimated by Chang 
and Woo seems to be in better agreement with 
this study as the recruitmental age is 1+ age. 
In other words, the group consisting of samples 
from numbers 1 to 10 was born in 1967, the 
group consisting of samples 11 to 25, except 
sample 24, was born in 1968, etc. 

Significant variation of morphometric bet- 
ween years has been more frequently been re- 
ported on meristictt!5:1, but rarely on non- 
meristic characters@”. The study of systematics 
of fish should be more careful to avoid this 
kind of variation. It has been reported that 
many environmental factors. could induce the 
yearly variation of meristic characters“ 1:10, 
Among these factors, the water temperature 
during the spawning season seems to be one of 
the important factor. The fluctuation of gonad 
index of the spotted mackerel showed a highly 
negative correlation with that of water tempe- 
rature“, As the monthly mean water tempe- 
rature of both southern and northern Taiwan 
changed synchronously as shown on Fig. 7; 
therefore, the yearly morphometric variation of 
the spotted mackerel may be induced by the 
fluctuation of water temperature during spawn- 
ing season. 


SNI MMI SNJIMMISNIMMI SN 

(966) (1967) (1968) (1969) 

Fig. 7. Monthly variation of the water 
temperature at southern (@) and nort- 
hern (A) Taiwan. (After J.C. B.R.) 
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i 腹 鱼 的 族群 判别 及 其 补充 群 之 年 上 
IR y 雄 Be 章 波 


ZENE KR (Scomber australasicus Cuvier) sap i BT ERAS — o KA 1969% 19714] 
EAJ ymi AGU WH RE ERREKI OE) 41 个 样品 ， 计 2106 尾 
AAME ， 量 取 7 RPA > 以 自然 基数 转换 体 长 及 其 它 6 个 形 质 的 EE > AREA 分 析 法 
(Multiple discriminant analysis) RZEK D? 的 形态 测定 学 的 分 析 。 精 果 发 现 所 有 样品 不 分 探 集 地 区 
， TERRE EM BID B= EM (Yearly groups) > MAFRA WEAR (Geographical cline) 的 
现象 ， FREE LRMAT ARE 。 FAFSA YEA Zp ROSE Be Ae Fe RIR Le Be HE U7 EL TH FR 
的 补充 群 是 生长 到 1 REAM BRA MEA FOB o 


